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We have grown crystalline thin films of LaA10 3 using off-axis rf sputtering from a single 
stoichiometric target. The films grow epitaxially on SrTi0 3 and LaA10 3 (100) substrates as 
well as on YBa 2 Cu 3 0 7 thin films. We report on the growth conditions used to make 
these films, the properties of the films, and the properties of bilayer and trilayer structures 
containing both LaA10 3 and YBa 2 Cu 3 0 7 films. Transmission electron microscopy 
cross-sectional and x-ray diffraction analyses indicate that all the constituent films in the 
multilayers grow epitaxially and that the interfaces between the films are sharply defined. 
Preliminary transport measurements on these multilayers show that LaA10 3 can be used for 
dielectric layers in a variety of high-temperature superconductor electronic circuits. 



Superconductive electronics as currently implemented 
is a multilayer technology incorporating thin films of su- 
perconductors, normal metals, and dielectrics. Dielectric 
films both isolate conducting layers from one another and 
form an integral part of critical device structures such as 
high-frequency transmission lines and Josephson junctions. 
In general, dielectric films used in superconductive elec- 
tronics must be smooth, uniform in thickness, pinhole-free, 
and must have desirable high-frequency properties. 1 The 
task of developing such films for high-temperature super- 
conductor (HTS) device technology is complicated by the 
unique characteristics of the superconducting cuprates 
(anisotropy, chemical reactivity, etc.) which impose addi- 
tional requirements upon the dielectric films. In particular, 
the highly anisotropic properties of the HTS cuprates ne- 
cessitate the use of lattice-matched substrate materials in 
order to promote the growth of highly oriented films. 2 To 
produce similarly ordered films in the upper layers of mul- 
tilayer structures, intermediate films must transmit the ep- 
itaxy begun at the original superconductor-substrate inter- 
face. As a result of such considerations, the prime 
candidate materials for dielectric films for HTS multilayer 
technology turn out to be the substrate materials them- 
selves. 

As soon as we identified LaA10 3 as a desirable sub- 
strate for HTS films, 3,4 we also realized its potential as a 
compatible thin-film dielectric. The development of the off- 
axis sputtering technique for oxide films 5 provided a prom- 
ising technique for depositing LaA10 3 films. Since the 
superconductor-dielectric-superconductor trilayer is the 
basic structure for both microwave transmission lines and 
sandwich-type Josephson junctions, we have concentrated 
on developing these trilayers using YBa 2 Cu 3 0 7 (YBCO) 
and LaA10 3 sputtered films. This letter reports our results 
in applying off-axis sputtering to the development of 
LaAJ0 3 films and HTS multilayer structures. 

The sputtering system used in this study is similar to 
the off-axis single target system which has gained wide use 
for deposition of HTS films. As shown in Fig. 1, our system 
contains two separately shuttered sputter guns mounted in 
the off-axis configuration. Both the LaA10 3 and YBCO 
(or, in some cases, ErBa 2 Cu 3 0 7 ) sputter targets are sto- 



ichiometric single-phase material and are epoxied onto 
copper backing plates to facilitate heat dissipation during 
sputtering. We have used both sintered powder 6 and 
molten-processed sputter targets for the LaA10 3 films with 
comparable results. 

To produce trilayers, both the initial YBCO layer and 
the LaA10 3 are deposited at a pressure of 70 mTorr (30 
mTorr O 2 /40 mTorr As). The substrates are attached to a 
stainless-steel block using silver paste and are heated by 
low-voltage quartz lamps mounted in a gold-coated copper 
reflector. Growth temperature is monitored with a K-type 
thermocouple embedded in the substrate block and is held 
at 760 °C for the first two layers. The deposition rate of the 
LaA10 3 is about 40 nm/h. Using the same conditions for 
the third layer as for the first results in reduced transition 
temperatures. Substantially raising substrate temperatures 
either destroys the superconducting state of the bottom 
layer or produces a rough flaky surface. We eventually 
found that using higher pressure (40 mTorr 0 2 / 120 
mTorr Ar) and lower substrate temperature (700 °C) pro- 
duces a top layer with good electrical properties and a 
smooth surface, and does not degrade the properties of the 
bottom layer. 

The primary substrate material for this study was 
( 100) oriented LaA10 3 . For x-ray diffraction studies, we 
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FIG. 1 Diagram of multisource off-axis sputtering system. 
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FIG. 2 XRD spectrum for LaA10 3 -on-YBCO bilayer grown on SrTiOj 
substrate. 

used (100) SrTi0 3 substrates in order to distinguish peaks 
due to the films from those of the substrate. For this work 
we index the LaA10 3 crystal (which is, strictly speaking, 
rhombohedral 7 ) as though it were cubic. 

Initially, we attempted to deposit LaA10 3 on a variety 
of substrates (SrTi0 3> LaA10 3 , Si, YSZ, A1 2 0 3 and MgO) 
under diverse temperature and pressure conditions. We 
found that only SrTi0 3 and LaA10 3 substrates yielded 
crystalline-phase LaA10 3 films; the other substrates 
resulted in amorphous samples. We obtained epitaxial 
growth of LaA10 3 (100 orientation) using the (100) face 
of SrTi0 3j and the resultant films were smooth and feature- 
less in scanning electron microscopy (SEM) images down 
to the 100 nm length scale. 

These results emphasize the importance of choosing a 
lattice-matched substrate for epitaxial growth of LaA10 3 at 
relatively low temperatures. Furthermore, in order to grow 
featureless LaA10 3 films, it was necessary to use substrates 
with extremely good surfaces. Thus it was not surprising to 
find that LaA10 3 films can only be deposited with smooth 
and continuous coverage on HTS films when the HTS films 
themselves are smooth. 

To produce YBCO-LaA10 3 bilayers, we first deposited 
200-300 nm of YBCO on LaA10 3 or SrTi0 3 substrates and, 
then deposited 40-200 nm of LaA10 3 under the conditions 
described above. A typical x-ray diffraction pattern of such 
a bilayer is shown in Fig. 2, which indicates that the ori- 
entation of the YBCO and the LaA10 3 are (00/) and 
(A00), respectively. No impurity lines were detected. The 
(005) peak width (FWHM) full width at half maximum is 
about or less than 0.2° in the typical YBCO film, and the 
rocking curve data shows the width of 0.16°. The peak 
width of the ( 100) LaA10 3 is 0.15°, which is similar to that 
of adjacent YBCO peak (003). Diffraction patterns are 
obtained from samples on SrTi0 3 substrates in order to 
distinguish the LaA10 3 thin-film lines. 

By interrupting the trilayer process at various stages 
for measurements, we were able to study the effects of 
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multiple depositions on film morphology and on the super- \ 
conducting transition temperature (T c ) of the bottom 
layer. We used an inductive technique to measure the tran- 
sition temperature of the dielectric-covered YBCO film in a 
bilayer. We found that the transition was essentially unaf- 
fected by the presence of the LaA10 3 film. 

We also used the YBCO/LaA10 3 bilayers to investi- 
gate the insulating properties of the dielectric films. This 
was accomplished by argon ion beam etching the LaA10 3 
layer to expose some of the YBCO base layer, depositing 
100 fim silver contact pads all over the wafer, and measur- 
ing the continuity between silver pads located on and off j* 
the dielectric layer. Out of a random selection of 15 Ag \ 
contact pads, 12 registered open circuits across the.2QQnm 
LaA10 3 film and 3 were completely shorted. The shorted 
contacts were subsequently seen to have large cracks in 
SEM micrographs. 

In subsequent experiments, we typically observed j 
room-temperature resistances above 100 kft for similar 100 > 
pm contact pads on top of 100 nm LaA10 3 layers. These 
resistances increase rapidly upon cooling, indicating non- 
metallic shorting between the layers. Such results, while 
not ideal, are acceptable for many applications. We are , 
currently investigating the rf dielectric properties of these 
films. We have not investigated the properties of ultrathin 
LaA10 3 layers such as would be found in a tunnel junction 
structure. 

The structure of greatest interest is the trilayer con- 
taining two YBCO films. Our results on such trilayers in- 
dicate that both YBCO layers are oaxis oriented and sharp 
LaA10 3 x-ray peaks (seen on SrTi0 3 substrates) demon- } 
strate that the dielectric layer has maintained its crystalline ) 
order. 

We examined interfacial areas between the layers and j 
the substrate of these trilayers using transmission electron 
microscopy (TEM) cross sectioning. All three layers show [ 
sizable regions of single-crystal, defect-free, epitaxial / 
growth with the YBCO c-axis perpendicular to the sub- 
strate. Figures 3(a) and 3(b) demonstrate that interfacial 
transitions between YBCO and LaA10 3 can be continuous 
in atomic stacking while exhibiting an abrupt change in 
atomic species. Figure 4 shows the selected-area diffraction , 
pattern of the top YBCO layer of a trilayer sample; the 
electron beam is perpendicular to the film surface. The 
single-crystal-like diffraction pattern over a several square- 
micron area is characteristic of a high quality epitaxial 
YBCO film. 

We used a combination of R(T) and M(T) measure- 
ments to study the superconducting transitions at various 
stages of trilayer deposition. It should be noted that indue- > 
tive techniques are of limited use for evaluating the prop- 
erties of structures containing multiple superconducting 
layers since the highest T c layer will effectively screen out 
the other layers. Film patterning was required to look at 
the completed trilayers. We note that the YBCO films used 
for these studies were optimized for smooth surface mor- ' 
phology rather than for high T r As YBCO film processing 
now stands, 90 + K films are distinctly rougher than lower 
T c specimens. Thus, the T c of the bottom YBCO layer was 
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FIG. 3. (a) Cross-sectional TEM image of interface between bottom 
YBCO layer and LaA10 3 film in trilayer. (b) Cross-sectional TEM image 
of interface between top YBCO layer and LaAi0 3 film in trilayer. 

typically 82-87 K, although it was not uncommon for the 
T c of the top film to be higher, perhaps because of the 
higher sputtering pressure for this layer. 

We have successfully used the off-axis single target 
magnetron sputtering technique to produce crystalline 




FIG. 4. Selected-area diffraction pattern in TEM of of YBCO layer in 
trilayer. The electron beam is perpendicular to the film surface. 



films of LaA10 3 on lattice-matched substrates using the 
identical deposition procedure developed for YBa 2 Cu 3 0 7 
films and have incorporated these films into multilayers 
containing YBa 2 Cu 3 0 7 or ErBa 2 Cu 3 0 7 films also made by 
off-axis sputtering. The YBCO and L&A10 3 layers of tri- 
layer structures are highly oriented, smooth, and of good 
crystalline quality. We see no evidence of interdiffusion 
between LaA10 3 and YBCO films and the LaA10 3 films 
serve as a nearly ideal template for epitaxial growth of 
YBCO. 

The initial use for the trilayers developed here will be 
for passive microwave components, transmission lines, and 
coupling coils for superconducting quantum interference 
devices. Simple crossover structures like the coils__arej|n 
important element in multilayer device technology that 
should be easily fabricated using these films. Similar work 
has already been done using SrTi0 3 laser evaporated 
films. 8 The low dielectric losses in LaA10 3 and its relatively 
low dielectric constant 9 of ~26 (a higher value than we 
originally reported) make the microwave applications look 
particularly promising. 

Of course, the most significant application for dielec- 
tric films in superconductive electronics is their use as tun- 
neling barriers. The materials' demands on both the super- 
conductor films and the dielectric layers are greatest for 
this application, but at least in principle, thin films of 
LaA10 3 may be an excellent choice for this purpose as 
well. At this stage of technology development, LaA10 3 ap- 
pears to have all the desirable properties of a thin-film 
dielectric material compatible with the fabrication and pro- 
cessing of high-temperature superconductor circuits. 
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